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are sensed on the tape based on a comparison
between detected light intensities with a program-
mable reference level. In addition, areas which may
normally be sensed as a hole are discarded if these
areas fall within a specified tolerance.
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BACKGROUND OF THE INVENTION

The invention relates to a system for detecting
holes on a magnetic medium or an optical medium
especially for serpentine recording formats or par-
allel track formats using stationary read and write
heads.

In high speed magnetic tape reading and writ-
ing units ("tape streamers"), data is read from, or
written in, a plurality of data tracks which run
parallel to the edges of a magnetic tape. Holes,
patterns of holes or patterns formed by selectively
creating semi-transparent areas in the tape are
used for auxiliary information coding. In a conven-
tional system for detecting holes, such as an end-
of-media sensor, light emitting diodes (LED's) or
incandescent lamps are used as sources of light.
Light beams are directed towards the tape or other
medium contained within a cassette. Discrete
phototransistors are used as light sensitive devices
and as pre-amplifiers. These phototransistors are
placed in nominal positions where the light beams
from the emitters are expected to strike when the
tape holes on the tape pass.

A problem associated with such a system is
that a preamplifier gain adjustment procedure is
required to set the signal level input to a fixed
threshold amplifier or comparator. This is normally
performed using a potentiometer. Design of a fixed
preamplifier gain is difficult and costly to imple-
ment for volume production since differences in
optical/electrical DC transfer ratios are very large.
The difference in light output is generally always
greater than 4:1 for the emitters, typically 6:1 when
the max/min values are specified using standard
parts. The emitted light will also vary with tempera-
ture, for example, a ratio of 1.3:1 is typical.

For phototransistors, the gain spread is typi-
cally specified at 2:1 for a fixed temperature and is
often more for standard parts. Furthermore, the
dark current of phototransistors varies strongly with
temperature which may easily cause a drift in the
100 mV-range in the DC output for worst-case
samples of detectors with large collector loads. The
calculations are further complicated by the me-
chanical tolerances of the optical path in the sys-
tem including the tolerances of the placement of
the emitters and receivers. As a result of the need
for mass production of low-cost discrete compo-
nents having large noise margins in a reasonable
dynamic range, the detector in a typical tape
streamer is built for operation using a +12 volt
supply.

Integrated sensor systems are available which
are sensitive to stray light pick-up which often is
very difficult to eliminate in certain systems. Such
systems have threshold levels which are specified
for DC light inputs, and therefore, small margins
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exist for noise pick-up. However, relatively large
currents may be needed in some applications to
drive the light emitters fo obtain a good signal-to-
noise ratio. The threshold level will typically vary
with temperature, from +/- 10% to +/- 20%, de-
pending on the operating temperature range.

To reduce stray light pick-up problems and fo
increase the efficiency, infrared emitters and visible
light cut-off filters are normally used. Applications
which require even more ambient noise suppres-
sion include synchronous demodulators on the in-
tegrated sensor chip. The sensors will also have a
specification for the ambient illuminance.

In addition, an oscillator and a driver for the
light emitting diode is included in the synchronous
receiver which may be disadvantageous in applica-
tions where the transmitter and receiver are phys-
ically separated. In addition, a problem with syn-
chronous detectors exists in that excessive time
delays in phase shifts may occur for the light
emitting diodes. Depending on the type of emitters
used, the phase shift may vary over the range 10
to 20 kHz. To avoid this, a carrier regenerator must
be built into the receiver to reliably demodulate the
signal. For many applications, for example, mag-
netic tape hole detection, a frequency below 10
kHz used by the synchronous detectors will be too
low, since the tape often runs at a speed of 120
IPS (inches/second).

SUMMARY OF THE INVENTION

The present invention provides a method and
apparatus for detecting a pattern of holes or other
patterns on a medium, such as a magnetic tape. A
tape hole detector is integrated with a tape edge
detector such that both the edge of the tape and a
pattern on the tape may be used by the same
system on an integrated circuit chip.

The present invention provides a matrix of
photodetectors on the chip in a known arrangement
such that when the chip and matrix are illuminated,
the relationship of the pattern on the tape and the
edge of the tape may be determined.

It is, therefore, an object of the present inven-
tion to provide an integrated circuit chip with a
plurality of photodetectors mounted thereon for de-
termining both the edge of the tape and any pat-
terns, such as holes, in the tape. These patterns
are often indicative of information about the tape
itself, such as the end of the tape.

It is a further object of the invention to monitor
areas near the patterns which could cause a faulty
reading indicating a hole or other pattern is
present.

Another object of the invention is to verify
operation of the system especially after an edge is
not detected.
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Other features and advantages of the present
invention will be apparent from the following de-
scription, claims and accompanying drawings
which fully describe the invention and the princi-
ples thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a front view of a standard two-
channel recording head with the integrated chip
mounted between the write/read gaps.

Figure 2 is a diagram of the tape hole detec-
tion arrangement.

Figure 3 is a diagram of the pixel current
copying and summing circuifry.

Figure 4 is a diagram of the control environ-
ment for the combined tape edge and the tape
hole detector chip.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

Figure 1 shows an integrated CMOS chip 10
mounted on a typical magnetic recording head 20.
The active surface of the chip 10 is facing a
magnetic tape 18 and is mounted on a magnetic
recording head 20 using tape automated bonding
technology. The active surface of the chip 10 is
protected by metal layers, and an array of windows
is created during metallization. Details of this sys-
tem are included in co-pending U.S. Patent ap-
plication, Serial No. , the disclosure of
which is fully incorporated herein by reference.

Behind the windows are integrated phototran-
sistors which can be moved perpendicular to the
transport direction of the magnetic tape 18. A light
source illuminates the tape 18 and the surface of
the chip 10 which is not covered by the tape 18.
The tape 18 runs in close proximity to the surface
of the chip 10 thereby creating a sharply defined
boundary between the shadow area and the illumi-
nated area on the active surface of the chip 10.
The same photodetectors as used for the edge
detector in co-pending U.S. Patent application
Serial No. are also used for the hole
detector.

The tape hole detector 40 in Figure 4 has a
programmable detection threshold level. The
threshold level is set indirectly by an external con-
troller module 42 as shown in Figure 4. The hole
detector 40 is, therefore, freely programmable both
with respect to threshold level detection and for
high spatial resolution used for the location of the
holes.

When the static location(s) of the tape edge(s)
is detected by the tape edge detector system 40,
the position(s) where the defined tape holes or tape
hole patterns will appear when the tape is moving
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is computed. Blocks of pixel rows are selected --
for example, one block where the holes are antici-
pated and one where the holes are not expected to
appear. Output currents from the individual pixels
are summed, and the output from one block is then
subtracted from the output of the other block. The
extent to which such integration is used depends
on the parameters of the actual system, and the
extent to which ground level noise is present.
Some temporal averaging is always present in
practical systems due to capacitance of electrodes
to the substrate. As a result, the detector is less
sensitive to light penetrating the magnetic tape.

As shown in Figures 2 and 3, a complete
description of a typical embodiment for implement-
ing the invention is shown. Figure 4 shows the
additional signal and clock lines required.

The tape edge detector array 22 of processing
cells is shown in Figure 2. Shaded areas of the
cells indicate photosensitive regions of each cell.
One extra line per cell is required from each pixel
cell to allow for a simple physical mask layout by
summing currents from individual pixels on a row-
by-row basis. Figure 2 shows 12 row currents on
lines R1 to R12.

Figure 3 shows the implementation of the array
and summation from Figure 2. The row N summing
node receives input currents from all pixels.
Phototransistor Q1 of the leftmost cell delivers a
current which passes through diode-connected
transistors Q2 and Q3 which sets up a logarith-
mically compressed signal voltage which goes to
the local processing cell of the edge detector. A
copy of the photo current is then made by Q4.
Therefore, the only difficulty faced by integrating
the tape hole detection within the tape edge cells is
the very small area required for each of the Q4
transistors. The Q1 and Q2/Q3 transistors imple-
ment the functions of the "PIXEL" and "LOG"
blocks shown in the co-pending U.S. Patent ap-
plication, Serial No. . The Q1
phototransistor may equally well be another type of
sensor, such as, a PIN-diode. Which type to use
will depend on the specific application, illumination
levels and response speed requirements.

Selection of rows for signal and reference cur-
rents is performed by clocking in patterns of
"zeros" and "ones" on the input lines "RANGE
HOLE" and "RANGE TAPE" to two columns of
shift registers 24, 26 using clocks "CLK3" and
"CLK4", respectively, as indicated in Figure 2. The
content of the shift registers 24, 26 determines the
state of the tape hole switches 25 and the tape
area switches 27.

As an example, in Figure 2, the currents on
rows R1 to R4, in which the light through the tape
holes is expected to appear, are switched to and
summed on the signal current line which goes fo
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the uppermost current sensing amplifier 28. The
signal node is kept at a constant potential set up
on the VREF3 output line from the bias circuit 30
due to feedback from the p-channel transistor Q1.
When no light signal is present, a "dark" current
mainly resulting from the translucency of the tape
medium itself exists. This current comes from four
rows where all pixels are covered by the tape
medium. This is considered a no-signal current of
"4 dark current units." The phototransistors and
current mirrors which deliver the individual currents
operate in the sub-threshold region, i.e. in the pA
or lower nA range when no signal is present. Sum-
ming a large number of these currents gives a
current in the sub-threshold range, and the gate of
transistor Q1 is kept at about 500 mV below the
VREF3 voltage.

As shown in Figure 2, the currents on rows R5
to R7 are output o the VREF3 node. The switching
routes are set up by "not" enabling the corre-
sponding tape hole switches 25 and the tape area
switches 27. The purpose of this is to discard those
currents which are within a tolerance band for the
tape hole positions in the area between the tape
edge and the holes or in the areas in the chip
outside the tape where the photodetectors always
respond to the light. For simplicity, the last-men-
tioned rows are not shown in Figure 2. Typically,
much more than the three rows which are shown
are necessary to account for all variations in tape
hole positions.

The sum of the currents from the five rows R8
to R12 are used as a reference current fed to the
lower current sense amplifier 29. The states of the
corresponding switches 25, 27 are shown in Figure
2. The selected number of reference rows must
always be greater than the number of signal rows
so that the voltage output from the lower current
sense amplifier 29 (the voltage on the gate of Q2)
is always less than the voltage at the output of the
upper current sense amplifier 28 when tape holes
are not present. This allows for an inherent "soft"
and programmable threshold level for hole detec-
tion.

The light which comes through the tape holes
causes a signal current input to the upper current
sense amplifier 28. When this current is greater
than the reference current, the voltage on the nega-
five input of a comparator 32 will be lower than the
voltage on the positive input, and the output of the
comparator 32 goes "high", indicating the pres-
ence of a hole. This signal is monitored by the
signalling from the controller module 42 to a con-
trol, filtering and digital servo processor 44 shown
in Figure 4. During the loading of the shift registers
24, 26, the voltage on the "HOLE" line may toggle,
but this is ignored by the control functions.
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Detection is, therefore, based upon differential
sensing of voltages in an inherently noise-immune
method. Further, a large dynamic range due to the
logarithmic compression performed by the p-chan-
nel feedback fransistors of the current sense am-
plifiers 28, 29 ensures that voltage compliance at
the input of the comparator 32 is satisfied. The row
selection and current switching process takes place
without any generation of voltage spikes or charg-
ing of stray capacitances. This ensures that a large
array of switches may be quickly controlled and set
up.

The tape hole detector 40 may also be used to
check the computed position of the edge during
the initial static edge location process in addition to
comparing the computed tape width with the known
tape width range stored in memory 46. This results
in an edge resolution that will be coarse, but more
than sufficient to allow for tape run-out detection.

Once a tape edge detector 40 finds an edge,
the tape hole detector 40 looks for the edge by
enabling a few rows outside the edge and a few
but larger number of rows inside the tape edge. A
very small guard-band or no guard-band at all
between blocks of rows can be used during this
process. Then, the two blocks of rows are shifted
up or down so that all active rows are either below
or above the tape edge. With a correctly pro-
grammed threshold level, no output on the "HOLE"
signal line will exist for these two positions of the
active blocks.

If the tape edge detector 40 does not find an
edge, a full tape edge search is performed by the
controller module 42. First, a self test of the tape
hole detector 40 is performed by varying the num-
ber of signal rows and reference rows fo see that
the state of the "HOLE" signal line changes when
selecting more signal rows than reference rows and
vice-versa. The recording head is moved by the
head drive motor 48 prior to this process t0 a
mechanical end-stop position so that the active
rows can be placed outside the location of the
tape. Head drive motor electronics 50 receive sig-
nals from the controller module 42 to activate posi-
tioning of the head with the head drive motor 48.
When the self test is completed, the correct thresh-
old level for edge detection is set up again. Then,
the two or three active blocks of rows are moved
over the whole operating range of the detector 40.
If no tape edge exists, "tape run-out" is reported,
and the tape cartridge is ejected for inspection by
a user. An error message may then be given fo the
user.

The "holes" in the tape include a single hole or
a pattern of holes. Also, "holes" include physically
punched holes in the tape and holes in the mag-
netic layer itself, i.e. if there is no hole or holes in
the tape substrate.
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Although various minor changes and modifica-
tions might be proposed by those skilled in the art,
it will be understood that | wish to include within
the claims of the patent warranted hereon all such
changes and modifications as reasonably come
within my contribution to the art.

The features disclosed in the foregoing de-
scription, in the claims and/or in the accompanying
drawings may, both separately and in any com-
bination thereof, be material for realising the inven-
tion in diverse forms thereof.

Claims

1. A method for detecting at least one pattern or

hole on a tape comprising the steps of:

disposing said tape in front of a matrix of
photodetectors in an integrated circuit chip, the
position of each photodetector being known
from the manufacture of said chip, wherein
each photodetector generates an electrical sig-
nal corresponding to the intensity of light in-
cident thereon;

illuminating said tape and said matrix such
that an edge of said tape corresponding fo a
sharpest light-to-dark transition region may be
located;

analyzing said signals in a plurality of
areas about which said at least one pattern or
hole is expected and is not expected;

comparing a sum of said signals from said
areas to a reference level; and

indicating presence of said at least one
pattern or hole when said sum exceeds said
reference level.

2. The method according to claim 1 further com-
prising the step of:
discarding a portion of said plurality of
areas within a specified tolerance of actual
areas in which said at least one pattern or hole
is located.

3. The method according to claim 1 wherein said
comparing step further comprises the step of:
setting said reference level using an area
larger than each of said plurality of areas in
which said at least one pattern or hole is
expected and not expected.

4. The method according to claim 3 wherein said
setting step is externally performed.

5. The method according to claim 1 further com-
prising the steps of:
comparing a computed tape width derived
from said analyzing of said signals from two
edges with a known tape width; and
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10.

11.

12,

determining if an edge is present from
said comparison.

The method according to claim 1 further com-
prising the step of:

performing a self-test operation to verify
functioning of said at least one pattern or hole
detection.

The method according to claim 1 further com-
prising the step of:

reporting tape run-out when an edge is not
detected.

The method according to claim 6 further com-
prising the step of:

reporting tape run-out after said self-test
operation has been performed indicating an
edge cannot be detected.

A system for detecting at least one pattern or
hole on a tape comprising:

a matrix of photodetectors in an integrated
circuit chip disposed behind said tape wherein
the position of each photodetector is known
from the manufacture of said chip and each
photodetector generates an electrical signal
corresponding to the intensity of light incident
thereon;

illumination means for projecting light on
said tape and said matrix such that an edge of
said tape corresponding to a sharpest light-to-
dark transition region may be located;

analyzing means for processing said sig-
nals in a plurality of areas about which said at
least one pattern or hole is expected and is not
expected;

means for comparing a sum of said sig-
nals from said areas to a reference level; and

means for indicating presence of said at
least one pattern or hole when said sum ex-
ceeds said reference level.

The system of claim 9 further comprising:

means for discarding a portion of said plu-
rality of areas within a specified tolerance of
actual areas in which said at least one pattern
or hole is located.

The system of claim 9 further comprising:

means for setting said reference level us-
ing an area larger than each of said plurality of
areas in which said at least one pattern or hole
is expected and is not expected.

The system of claim 9 further comprising:
means for comparing a computed tape
width derived from said analyzing means with
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a known input tape width; and
means for determining if an edge is
present from said comparison.

The system of claim 9 further comprising:

means for performing a self test operation
to verify functioning of said at least one pattern
or hole detection.

The system of claim 9 further comprising:
means for reporting tape run-out when an
edge is not detected.

The system of claim 13 further comprising:

means for reporting tape run-out after said
self-test operation has been performed indicat-
ing an edge cannot be detected.

The system of claim 9 further comprising:
external means for indirectly setting said
reference level.
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